Recent observations concerning the role of the mononuclear infiltrate in delayed hypersensitivity reactions and homograft rejection have placed some doubt on the immunologic specificity of the cells involved. In a series of experiments in which tritiated thymidine--labeled lymphoid cells from sensitized donors were used, Najarian and Feldman were able to demonstrate transfer of specific accelerated rejection of skin homografts in previously non-sensitized isologous recipient mice (1) and guinea pigs (2). In neither case, however, was a significant number of the transferred labeled cells found at graft rejection sites, despite the transfer of large numbers of highly labeled cells. In a separate experiment (3), these investigators also showed passive transfer of delayed type hypersensitivity with labeled lymphoid cells from guinea pigs sensitized to BCG and subsequent accumulation of these cells at sites of tuberculin skin test. Other investigators, however, were unable to demonstrate any specific collection of labeled cells following similar transfer experiments (4, 5).
The present study was undertaken in an effort to clarify the status of the cellular infiltrate at the site of homograft rejection and also to investigate to some extent the cellular kinetics involved in the formation of the reaction. The experiment was designed to avoid the inherent problems of free cell transfer with its attendant interruption of normal cellular maturation and development. A technique was devised that permitted permanent labeling of cells within the confines of the regional lymph node draining a first-set homograft. The instillation of small amounts of tritiated thymidine into the base of the graft insured discrete labeling of this cell population v/a afferent lymphatics, the remainder of the dividing cells of the host remaining unlabeled. Labeled lymphoid cells from specifically stimulated nodes could then be identified at distant rejection sites of homografts from the same and unrelated donors. Since the primary stimulus and the test grafts were borne by the same animal, the necessity for transferring viable lymphoid cells was obviated. The data indicate that cells from stimulated regional lymph nodes are present at reaction sites during the process of graft rejection, but in essentially equal proportion whether the grafts are homologous or unrelated to the primary stimulus.
Materials and Methods
The general outline of the experiment may be seen in Text- fig. 1 . Commercially obtained rabbits of albino, chinchilla, and Dutch-belted strains weighing between 2.5 and 4 kg were used throughout this study. No selection by sex was made between donor and recipient. PriTExT-FIG. 1. General design of the experiment. See text for description. mary grafts measuring 2 by 1 cm were exchanged between the dorsal surface of ears of albino and chinchilla rabbits. At the same time a second transfer of skin between the same pair of rabbits and a graft of Dutch-belted origin were placed on the opposite ear. These homologous and unrelated control grafts measu~red 1 by 1 cm and were placed on alternate sides of the central artery. All grafts were of full thickness skin from the dorsal surface of the ear, and all were fitted orthopicaily on recipient beds prepared by removing grafts of similar size and thickness. The grafts were handled by an aseptic "no touch" technique, held in place by interrupted silk sutures, and left without dressing. In all instances primary, homologous, and unrelated control grafts were exchanged between different strains. The animals were housed in separate cages and fed a diet of Purina rabbit chow and water ad libitum. Grafts were examined frequently for evidence of rejection or failure to heal.
Injection of Isotope.--Following a period of 2 days during which the grafts healed in place, a series of twice daily injections of trifiated thymidine (Schwarz BioResearch Inc., Orangeburg, New York, specific activity 1.9 c/mmole) into the base of the primary graft was begun.
The isotope was diluted with sterile normal saline so that 0.1 ml of the final solution contained 5/~c of activity and was delivered by a 0.1 ml capacity gas-fight syringe fitted with a 30 gauge needle. Care was taken to assure that the injection was into the interstitial space and not into veins draining the graft bed. A total of 50 p.c of the isotope was thus delivered over a 5 day period. In a series of preliminary studies it was found that this procedure neither altered the general appearance of the graft nor varied the time of rejection as compared with similar grafts left undisturbed. Based on gross and histologic evidence of epithelial damage, the grafts were rejected at 7.5 -4-0.5 days regardless of strain combination. The animals were sacrificed on the day of rejection by intravenous injection of nembutal.
Evaluo$ion of/~su/~s.--Tissues removed for histologic and radioantogrxphic study included draining cervical lymph nodes (levels I and II of Scothorne and McGregor, reference 6), spleen, small intestine, and grafts, including the full thickness of the graft bed through the ventral side of the ear. Imprints of draining nodes and spleen and smears of peripheral blood buffy coat were fixed in absolute methanol and stained with methyl green-pyronin and Giemsa. Tissues were fixed in a mixture of 50 per cent ethanol and 10 per cent neutral buffered formalin and stained with both hematoxylin and eosin and methyl green-pyronin. Autoradiography was performed on unstained sections of tissues and imprints using Kodak liquid NTB-2 track emulsion, and exposed for 3 and 8 weeks at 4°C. The autoradiographs were developed and stained with methyl green-pyronin and hematin and phloxine.
The percentage of labeled cells in draining lymph nodes and spleen was determined by counting 1000 mononuclear cells in each of several imprints of the same tissue. The number of labeled cells in homologous and unrelated control grafts was determined by counting 300 mononuclear cells in each of several sections from different areas of the graft and the quantity expressed as the average per cent of labeled cells comprising the lymphoid infiltrate. Buffy coat smears of peripheral blood were prepared on the day of sacrifice and i000 mononuclear cells counted. The background level of exposed grains was such that cells with more than five exposed grains over the nucleus were counted as labeled. In the rare instances in which this could not be done with confidence, duplicate sections or smears were submitted for autoradiography.
Conlrols.--The design of the experiment is based upon the premise that only those cells within the primary graft and its draining lymph nodes would be labeled. The likelihood that this technique of injection would provide sufficient concentration of isotope only in these areas was tested in the following manner: (a) Internal controls were provided by examining sections of small bowel, distant lymph nodes, spleen, and polymorphonuclear leucocytes in smears of peripheral blood for the presence of labeled cells; (b) Sections of homologous and unrelated control graft rejection sites were examined for the presence of label in proliferating graft and adjacent host epithelium; (c) In a series of eight rabbits bearing homografts, 5/~c of tritiated thymidine was injected intravenously twice dally for 5 days, the animals sacrificed on the day of graft rejection, and autoradiographs of tissues similar to those studied in the major experiment examined for the presence of labeled cells.
As a further control of the specificity of the cellular infiltrate, six animals of the major series were also made delayed sensitive to bovine serum albumin (BSA) by injection of 25/zg of the antigen in Frennd's complete adjuvant into each hindfoot-pad the day following placement of the grafts. These animals were tested 24 hours before sacrifice by injection of 5/~g of the antigen injected intradermally on the flank, at which time they also received 0.i ml of sterile turpentine on the opposite flank. The resultant lesions were excised and treated as described above for homologous and unrelated control grafts.
RESULTS

Appearance of the Primary Grafl.--Primary grafts receiving multiple injec-
tions of tritiated thymidine demonstrated good initial healing. In all cases the normal pattern of first-set graft rejection was apparent, with epithelial destruction, vascular stasis, and an abundant mononuclear cell infiltrate with varying numbers of polymorphonuclear leucocytes. The round cell infiltrate was most prominent about small vessels and adjacent to disintegrating graft epidermis. Autoradiographs of this material showed the presence of large amounts of label in hyperplastic host epithelium at the junction of the graft and host tissues. In addition, there was heavy labeling of mononuclear cells of the infiltrate, including endothelial cells of small vessels and fibroblasts within the granulation tissue of the graft bed. Skin of the ventral surface of the ear usually demonstrated only light labeling of epithelium in the area directly opposite the graft, and this decreased in amount over a short distance toward the margins of the section. No label was seen in sections of normal skin taken from the back or flanks. 
Labeled Cells in Draining Lymph
Nodes.--An average of 18 per cent of the cells in imprints of the primary draining lymph node was labeled. The proportion of cell types present and per cent of each type labeled is shown in Table I . In tissue autoradiographs the majority of labeled cells were found in areas of reactive cortex subjacent to the peripheral lymphatic sinus and about larger stromal elements deeper in the node. A high proportion of the endothelial cells lining these channels was also labeled. This finding is in keeping with the premise that the isotope reaches the lymph nodes v/a afferent lymphatic vessels that are anatomically continuous with subcapsular lymphatics (7) . Most follicles demonstrated uniform label throughout their germinal centers, possibly reflecting synchronous division of cells in these areas (Fig. I) .
Grain counts were not performed, since multiple injections of the isotope were given, and the efficiency of any single dose could not be determined. It was evident, however, that the cells with heaviest individual label were medium and large lymphoid cells (Fig. 2) . Labeled cells within efferent medullary lymphatic channels included a few of the small lymphocytes present and a much higher proportion of pyronin-positive lymphoid cells of smaller diameter than those in the active portions of the cortex. The nuclei of these cells were somewhat irregular in outline, and they exhibited a coarser nuclear chromafin pattern and less prominent nucleoli than the larger cortical lymphoid cells (Fig. 3) .
Routine histologic study of lymph nodes revealed no difference between those draining the primary graft and those draining the test and control graft areas. This would indicate that manipulation of the primary graft by injection of multiple doses of isotope did not result in non-specific stimulation of its draining node.
Labeled Cells in Homologous and Unrelated Control
Grafts.--The relative percentages of labeled mononuclear ceils in both homologous and unrelated control grafts for each pair of animals of the major series is shown in Table IL Morphologic variations in the type of labeled cells included small to medium lymphocytes and larger cells with deeply indented nuclei more closely resembling monocytes. The greatest concentration of labeled cells in both homologous and control sites was located about small vessels within the graft and graft bed, and adjacent to the disintegrating remnants of donor epithelium. The morphologic character and position of labeled cells in the homologous graft and its bed were similar in all respects to those seen in the unrelated control graft. In all instances there was essential correlation between the number of labeled cells comprising the infiltrate in both homologous and control grafts, the average proportion of such cells being 5.6 and 5.9 per cent, respectively. Representative fields of homologous and control graft rejection sites from the same recipient are shown in Figs. 4 and 5. Labeled cells within small vessels and in the perivascular infiltrate were pyronin-positive, but this staining characteristic became progressively less marked as the distance from vessels increased, and was quite faint in those cells about the disintegrating graft epithelium. No consistent difference in grain count over cells in various locations was noted.
The appearance of label was confined to those cells making up the free cells of the infiltrate. In no instance were cells of the donor or adjacent host epithelium labeled. In addition, none of the endothelial cells of newly formed vessels or fibroblasts of the granulation tissue of the graft bed was labeled. As noted above, these cells were among the most heavily labeled in the primary graft rejection site, where isotope was present in high local concentration. This observation again confirmed the general premise that only in the primary graft rejection site and its draining nodes was sufficient concentration of isotope present to label cells adequately.
Delayed Sensitivity Lesions.--Six animals of the major series were made delayed sensitive to BSA. Intradermal injection of 5 #g of antigen on the day prior to sacrifice produced slightly elevated erythematous lesions, ranging from 1.0 to 1.8 cm in diameter, and maximal in extent from 12 to 24 hours after injection. Histologically these areas satisfied the criteria for delayed hypersensitive lesions established by other investigators (8, 9) . Autoradiographs of tissue removed at the time of autopsy demonstrated the presence of cells of similar morphologic characteristics as those seen in both test and control graft rejection sites (Fig. 6 ). As shown in Table II , the number of such cells labeled in these lesions closely correlated with that seen in both test and control grafts.
In this same series of animals the lesions induced by injection of turpentine contained no labeled mononuclear cells. The inflammatory infiltrate in these areas was predominantly polymorphonuclear in character. The round cell component was made up of rather larger cells of the histiocyte group, in contrast to the infiltrate at graft rejection sites.
Labeled Cells in Other Locations.--No evidence of label was seen over cells of other rapidly dividing tissues of the host. Examination of small bowel epithelium and germinal centers of distant lymph nodes and spleen failed to reveal the presence of labeled cells, despite large numbers of mitotic figures in these locations. An occasional labeled cell was noted within the interfollicular cortex of lymphoid tissue distant from the rejection sites. These examples were isolated from the rapidly dividing cells of the germinal centers and could readily be accounted for by migration of cells labeled in the primary draining lymph nodes. In sections and imprints of nodes draining the test and control graft sites, the number of these cells was somewhat higher than in similar material from spleen or distant lymph nodes. Even in these locations, however, they numbered less than five per thousand, and the difference might readily be explained by circulation of labeled cells from the test and control grafts to the draining nodes v/a afferent lymphatics. None of the actively dividing pyroninophilic lymphoid cells in these nodes was labeled. Smears of peripheral blood buffy coat showed one to two labeled monocuclear cells per thousand.
Those animals bearing homografts in which tritiated thymidine was given intravenously were sacrificed at the time of rejection. In each instance the rejection pattern was typical of a first-set response. Examination of numerous autoradiographs of graft rejection sites, draining lymph nodes, and distant lymphoid tissues, including spleen and small bowel epithelium, failed to disclose labeled cells in any of these locations.
DISCUSSION
Using a system which confines adequate amounts of tritiated thymidine to an anatomically defined area, the present study has demonstrated that labeled cells from lymph nodes draining first-set homografts participate in the mononuclear infiltrate at distant rejection sites of skin grafts. No apparent special affinity of labeled cells for the homologous graft could be demonstrated. At both homologous and unrelated graft rejection sites, typical lymphoid infiltrates contained a relatively large proportion of labeled cells from the primary regional lymph nodes in equal percentage and essentially similar positions about small vessels and adjacent to disintegrating donor epithelium. These findings are in contrast to those of Najarian and Feldman, who were unable to show the presence of significant numbers of transferred labeled cells at sites of specifically accelerated graft rejection in mice and guinea pigs (1, 2) . One possible explanation of this seeming disparity might be concerned with the life span of the labeled cell at the graft rejection site. If this time were fairly short, either because of rapid division or death of cells, the proportion of labeled cells at the rejection site following a single transfer might be extremely small. Under the conditions of the present study, a relatively constant proportion of labeled cells from the primary stimulated node is provided to replace those that either died or whose progeny subsequent to division had only a subthreshold level of incorporated tritiated thymidine. In addition, this method permits cells to mature in a normal fashion throughout the period of the reaction and not suffer interruption of normal development, as occurs of necessity in cell transfer experiments. In the technique employed, only those labeled cells that have normally become sufficiently mature to leave their site of formation are seen at graft rejection sites, and presumably many more such cells are manufactured within stimulated lymph nodes than can be conveniently transferred at any one time. It has been suggested that perhaps sensitized cells, on coming in contact with the homologous antigen, might be destroyed early in the course of the reaction (4, 5) . Although the present study does not completely resolve this problem in regard to homografts, the data do suggest that, under conditions that allow free access of labeled cells to reaction sites over a relatively prolonged period of time, there is no greater attrition of labeled cells at the homologous than at the unrelated control graft rejection sites.
In view of the similarity in the proportion of labeled cells at both homologous and unrelated graft rejection sites, it might be argued that the donors shared one or more transplant antigens to account for the apparent lack of specificity of the cellular infiltrate. The use of different strains for each test and control pair, as well as the lack of any trend in the number of labeled cells in the combinations used, makes this unlikely. In addition, the percentage of labeled cells found at delayed sensitive lesions to BSA in animals specifically sensitized to this protein was similar to that found at their graft rejection sites.
Two possible explanations of the results of the present study may be considered. Either a few specifically sensitized ("knowledgeable") cells are present at the site of their homologous graft to initiate the inflammatory response, or a humoral substance is produced by a reactive population of cells within the stimulated lymph node that dictates the specificity of the reaction, newly formed lymphoid cells partaking in formation of the infiltrate willy-nilly as chronic inflammatory cells with generally protective biologic functions. Under the conditions of the present experiment, it would appear that newly formed lymphoid cells are equally likely to appear at homologous or unrelated graft rejection sites. These findings are in accord with recently reported data concerning transfer of delayed hypersensitivity using tritiated thymidine-labeled lymphoid cells from specifically sensitized donors (4, 5) . The results of these studies have shown that upon subsequent skin testing, labeled ceils appeared at reaction sites in approximately equal numbers, whether the test antigen was homologous as regards the transferred cells or was an unrelated antigen to which the experimental animal had been actively rendered delayed sensitive.
Since no measurable number of cells in the mononuclear infiltrate of homograft reactions is seen to be specific for their homologous antigen, what then is the role of the sensitized cells of regional lymph nodes? Transfer of accelerated rejection of first-set homografts has been found to be a property of cells within the proximal node early in its response to grafts placed within its drainage area (10, I1). It has further been shown that this property, reflected by cutaneous hypersensitivity reactions following injection of mononuclear cells from the recipient into the donor of the sensitizing tissue, though originally confined to the regional draining node, spreads to other lymphoid tissue, including peripheral blood leucocytes and peritoneal macrophages (12) . This broadcasting of immunologic knowledge may be accounted for by free passage of lymphoid cells from nodes to the general circulation and back to lymphoid tissue, as recently described by Gowans (13) . The finding of small numbers of labeled cells in distant lymph nodes and spleen in the present study confirms this recirculation of lymphoid cells. Since acquired immunity based on humoral antibody may also be transferred by similar mononuclear cells (14, 15) , however, free cell transfer techniques fail to resolve the problem of cell-bound vs. humoral immunity in homograft rejection.
Recent studies have demonstrated specific accelerated rejection of first-set homografts in mice (1), guinea pigs (2), and rabbits (16) , when transferred sensitized cells were confined to Millipore chambers and thus denied access to grafts. Since direct contact between sensitized cells and graft is not necessary to accomplish accelerated rejection, the inference drawn from these studies has been that some humoral factor produced by the cells within the chambers has either been directly responsible for rejection or has transferred sensitivity to host cells. These findings, coupled with the inability to demonstrate specific attraction of cells from the regional node to sites of homologous graft rejection, are taken as evidence that the specificity of the homograft reaction may be dictated by a humoral agent. The implication is that both specific (humoral factor-producing) and non-specific lymphoid cellular populations are produced in the reactive draining node as a result of homograft stimulus.
SUMMARY
The present study offers direct evidence that cells from the regional lymph node draining first-set skin homografts in rabbits participate in the lymphoid infiltrate at distant sites of graft rejection. With the use of a newly devised method of injection, adequate amounts of tritiated thymidine could be confined to the reactive regional node, other dividing cells of the host remaining unlabeled. It was thus possible to detect the appearance of this uniquely labeled population of cells at remote test sites on the same animal, obviating the necessity for cell transfer. Under these conditions differential counts of the lymphoid elements failed to show a preponderance of labeled cells in the infiltrate accompanying homologous, compared with unrelated control, graft rejection. These results, together with other recently reported data, suggest that the specificity of the homograft reaction is probably dictated by some humoral factor that acts in concert with recently proliferated lymphoid cells to accomplish graft rejection. 
